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Objectives. This study evaluated the Physiological and Operative Severity Score for the enUmeration of Mortality and
Morbidity (POSSUM), Portsmouth (P) POSSUM and Vascular (V) POSSUM. The primary aim was to assess the val-
idity of these scoring systems in a population of patients undergoing elective and emergency open AAA repair. The sec-
ondary intention was in the event that these equations did not fit all patients with an aneurysm; a new model would
be developed and tested using logistic regression from the local data (Cambridge POSSUM).
Methods. POSSUM data items were collected prospectively in a group of 452 patients undergoing elective and emergency
open AAA repair over an eight-year period. The operative mortality rates were compared with those predicted by POS-
SUM, P-POSSUM, V-POSSUM and Cambridge POSSUM.
Results. All models except V-POSSUM (physiology only) showed significant lack of fit when predicting mortality after
open AAA surgery. It was found that the locally generated single unified model (Cambridge POSSUM) could successfully
describe both elective and ruptured AAA mortality with good discrimination (c2¼ 9.24, 7 d.f., p¼ 0.236, c-
index¼ 0.880).
Conclusions. POSSUM, V-POSSUM and P-POSSUM may not be robust tools for comparing mortality between pop-
ulations undergoing elective and emergency open AAA repair as once thought. The development and successful validation
of Cambridge POSSUM provides a unified model to describe both elective and emergency AAAs together and should be
validated in other geographical settings.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Surgeons live in challenging and changing times. Re-
validation has made the whole healthcare profession
but especially surgeons, accountable for their actions
to their patients, professional organisations, hospital
and funders of health care. The clinical practice of sur-
gery is under intense scrutiny and performance is
demonstrated through comparative audit of mortality
and morbidity rates. Simple collection of crude num-
bers of the deaths and complications alone is insuffi-
cient to reflect the quality of care, as to compare
morbidity and mortality would assume the original
populations are identical. Risk-adjusted analysis is
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University Hospital NHS Foundation Trust, Hills Road, Cambridge
CB2 2QQ, UK.
E-mail address: jonboyle@doctors.org.uk1078–5884/000499+ 06 $32.00/0  2007 European Society for Vasculrequired to allow for differences in case-mix between
surgeons and surgical units. One method that has
been proposed for standardising patient data to per-
mit direct, meaningful comparisons of patient out-
come irrespective of population differences is the
Portsmouth Physiological and Operative Severity
Score for the enumeration of Mortality and morbidity
(P-POSSUM).1 This was developed as a modification
of the original POSSUM equation described by
Copeland et al. in 1991,2 which was shown to overes-
timate mortality, especially for low risk procedures.3
P-POSSUM was shown to provide an accurate
method of comparative surgical audit in a large series
of general surgical patients.1 V-POSSUM equations
were subsequently developed based on P-POSSUM
methodology (physiological and operative, and phys-
iology only) and applied to an audit of operative out-
come conducted by the Vascular Surgical Society
of Great Britain and Ireland (VSSGBI). They werear Surgery. Published by Elsevier Ltd. All rights reserved.
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after arterial surgery.4,5 Prytherch et al.5 applied the
P-POSSUM and V-POSSUM equations to patients un-
dergoing elective and emergency open abdominal aor-
tic aneurysm (AAA) surgery in Portsmouth and found
that although the models successfully described elec-
tive AAA repair, they failed to predict outcome after
ruptured AAA repair and after both elective and
emergency AAA surgery. Harris et al., however,
accurately predicted early mortality after ruptured
AAA surgery using the V-POSSUM equation.6
The aim of this study was to apply the different
POSSUM equations to all elective and ruptured
open AAA operations in Cambridge over an eight-
year period to assess their validity with respect to
mortality. The secondary intention was in the event
that these equations did not fit all patients with an an-
eurysm; a new model would be developed and tested
using logistic regression from the local data (Cam-
bridge POSSUM). No model has yet been able to de-
scribe outcome after both elective and emergency
AAA surgery.
It is still not clear whether the original POSSUM
equations are applicable to data collected from a large
number of different sources across a broad geographic
area or whether there are other factors that need to be
taken into account to improve the predictive value of
the technique in vascular patients and specifically for
aortic surgery.
Methods
All patients undergoing elective and ruptured open
abdominal aortic aneurysm surgery at the Cambridge
Vascular Unit, a regional academic teaching centre,
between January 1998 and January 2006 were in-
cluded in the study. POSSUM physiological and oper-
ative variables were collected prospectively. Case
notes were analysed retrospectively for observed in-
hospital or 30 days of operation mortality.
This study was approved by the local Research
Ethics Committee. A consultant vascular surgeon
performed the majority of the procedures. A non-
vascular consultant or higher surgical trainee was
the principal surgeon in 67 (26%) operations. Surgical
technique has been described elsewhere.7
Statistical Analysis
Statistical analysis was carried out in SPSS Version 13
(SPSS Inc., Chicago, IL, US). 452 patients were in-
cluded in the analysis. The POSSUM, V-POSSUM
and Portsmouth-POSSUM (P-POSSUM) scores wereEur J Vasc Endovasc Surg Vol 34, November 2007used to calculate patients’ risk of mortality after sur-
gery. Two forms of the V-POSSUM equation were
used to calculate the risk, equations using the physiol-
ogy and operative scores, and those using only phys-
iology scores. The different equations were applied
and tested for goodness of fit. Statistical analysis
was performed as described previously following
the Hosmer-Lemeshow methodology.8e11 This in-
cludes the use of the chi-squared test to compare fre-
quency tables obtained from prospective application
of the equations. It should be noted that this is
a null hypothesis test. P< 0.05 indicates a significant
lack of fit. While it is possible to say that a model is
wrong i.e. did not predict outcome, it is not possible
to state that a different model is correct, only that
it performed adequately. The Hosmer-Lemeshow
method essentially gives a measure of calibration.
The c-statistic can also be generated, which gives
a measure of discrimination. Discrimination is the
ability of the model to appropriately rank patients in
terms of risk e that is, the model’s ability to ascribe
high risks to high-risk patients and vice-versa. For bi-
nary outcomes as is the case here, the c-statistic is
equivalent to the area under the ROC curve. The
c-statistic varies between 0.5 (where a model is no
better than chance) and 1 where it discriminates per-
fectly. Values of 0.7 and greater are generally taken
to indicate reasonable performance and values of 0.8
and greater indicate good discrimination.
The risk ranges for mortality were chosen to be
clinically meaningful and to ensure that there were
at least 5 predicted outcomes in at least 80% of cases
(Cochrane’s rule).
Results
The Cambridge Vascular Unit operated on 473 open
AAA patients (electives¼ 271; emergency¼ 202)
over this eight-year period. 258 (95%) elective and
194 (96%) emergency patients were included in the
analysis. 8 (4%) of the emergency admissions pre-
sented with an intact symptomatic AAA; all the rest
were ruptured. The remaining 21 (electives¼ 13
(5%), emergency¼ 8 (4%)) patients’ details were ei-
ther incomplete or were missing at the time of data
collection and therefore were excluded. Patient demo-
graphics and admission data (physiological parame-
ters) are summarised in Table 1.
Table 2 shows the results of prospective application
of P-POSSUM (physiology and operative score model)
to all patients undergoing AAA repair indicating
poor prediction for mortality (evidence of lack of fit).
Similar unsuccessful fits were found for both the
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and operative score model (Table 4). However, pro-
spective application of V-POSSUM physiology e
only model (Table 5) showed no evidence of lack
of fit by indicating good prediction for mortality
with good calibration and discrimination. POSSUM,
P-POSSUM and V-POSSUM (physiology and opera-
tive score model) all tended to over-predict events
but all had good discrimination.
When the different POSSUM equations were
applied and tested for goodness of fit to the elective
and ruptured AAA repairs as individual groups,
failure of prediction was also found (results not
shown).
New Predictive Model (Cambridge POSSUM)
Since none of the existing POSSUM models except the
V-POSSUM physiology e only equation predicted
outcome and that the discrimination results suggest
that the POSSUM data could indicate something
about risk, we decided to build our own model to de-
termine adverse outcome (Cambridge POSSUM).
Table 1. Patient demographics and POSSUM data upon admission
Variable Elective Emergency
Number of patients in analysis 258 194
Median age (years) (range) 73 (44e86) 74 (47e89)
Male (%) 224 (87) 168 (87)
Female (%) 34 (13) 26 (13)
Mean haemoglobin (SD) 13.4 (0.27) 11.1 (2.6)
Mean white cell count (SD) 10.2 (0.66) 12.8 (5.7)
Mean serum sodium (SD) 139 (4.3) 135 (5.3)
Mean serum potassium (SD) 4.4 (0.5) 4.2 (0.78)
Mean serum urea (SD) 6.9 (3.6) 8.5 (3.6)
Known cardiac co-morbidity 143 (55) 116 (60)
Known respiratory co-morbidity 111 (43) 110 (56)
Abnormal ECG 73 (28) 102 (53)
Altered GCS (i.e. <15) (%) 2 (0.8) 81 (42)
Observed in hospital
mortality (%)
17 (6.6) 62 (32)
Table 2. P-POSSUM e mortality
% range
predicted
mortality
No Mean %
predicted
risk
Predicted Reported c2
>0 to 7 170 3.67 6 5 0.26
>7 to 15 71 9.53 7 7 0.01
>15 to 30 58 21.32 12 4 7.20
>30 to 100 153 74.08 113 63 86.29
>0 to 100 452 30.69 139 79 93.75
c2¼ 93.8, 4 d.f., p¼ 0.0, c-index¼ 0.869. Evidence of lack of fit but
good discrimination. This table demonstrates that the P-POSSUM
model does not fit the group as a whole.Since adequate individual models already exist for
elective and ruptured AAAs, it was decided to at-
tempt to develop a unified model to describe both
elective and emergency AAAs together. The 452
data records were divided into two to give a training
set of 226 on which logistic regression was performed
using SPSS statistical software to obtain the following
predictor equation for mortality. The training and
test sets were created by first ordering the complete
dataset by ruptured or unruptured and by mortality,
and then assigning alternate records to training and
test sets, so ensuring that both sets had equal represen-
tations of mortality and ruptured/unruptured aneu-
rysms. This equation was then applied prospectively
to the test set of the other 226 patients. It was found
that the single unified model could successfully
describe both elective and ruptured AAA mortality
combined in the validation test set with good discrim-
ination (Table 6).
Binary logistic regression analysis of the POSSUM
data produced the following outcome model for
abdominal aortic aneurysm repair:
ln½R=ð1RÞ ¼ 7:5365þ ð0:1632 physiological scoreÞ
þ ð0:0518 operative severity scoreÞ
where R is the predicted risk of mortality.
Table 3. POSSUM e mortality
% range
predicted
mortality
No Mean %
predicted
risk
Predicted Reported c2
>0 to 7 14 6.01 1 0 0.90
>7 to 15 90 11.17 10 2 7.26
>15 to 30 124 21.74 27 8 17.04
>30 to 100 224 73.20 164 69 205.21
>0 to 100 452 44.65 202 79 230.04
c2¼ 230, 4 d.f., p¼ 0.0, c-index¼ 0.864. Evidence of lack of fit but
good discrimination. This table demonstrates that the POSSUM
model does not fit the group as a whole.
Table 4. V-POSSUM: physiology and operation e mortality
% range
predicted
mortality
No Mean %
predicted
risk
Predicted Reported c2
>0 to 7 163 4.21 7 3 2.26
>7 to 15 81 10.07 8 9 0.10
>15 to 30 58 21.10 12 4 7.03
>30 to 100 150 69.22 104 63 52.18
>0 to 100 452 29.00 131 79 61.56
c2¼ 61.6, 4 d.f., p¼ 0.0, c-index¼ 0.870. Evidence of lack of fit but
good discrimination. This table demonstrates that the V-POSSUM
(physiology and operation score) model does not fit the group as
a whole.Eur J Vasc Endovasc Surg Vol 34, November 2007
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Risk adjustment is important in comparative audit
and several scoring systems have been developed to
assess post-operative mortality and morbidity. POS-
SUM has been proposed as a predictor equation of
complications and mortality taking into account dif-
ferences in case-mix. This consists of 12 physiological
parameters and six operative severity factors. It has
the advantages of including both pre-operative and
operative factors, which are easily available and can
be collected prospectively. POSSUM, however, was
criticised because it over predicted the mortality rate
of patients at low risk1 P-POSSUM and V-POSSUM
have been shown to be more accurate predictors of
death than POSSUM in vascular patients.4,12 It has
also been possible to obtain a good predictive model
Table 5. V-POSSUM: physiology only e mortality
% range
predicted
mortality
No Mean %
predicted
risk
Predicted Reported c2
>0 to 5 195 3.27 6 7 0.06
>5 to 10 77 7.16 6 5 0.05
>10 to 15 41 12.14 5 4 0.22
>15 to 20 39 16.87 7 7 0.03
>20 to 30 23 24.42 6 8 1.34
>30 to 35 15 32.90 5 5 0.00
>35 to 50 16 43.17 7 7 0.00
>50 to 67 18 57.53 10 10 0.03
>67 to 75 11 70.17 8 9 0.71
>75 to 100 17 88.93 15 17 2.12
>0 to 100 452 16.39 74 79 4.57
c2¼ 4.57, 10 d.f., p¼ 0.919, c-index¼ 0.877. No evidence of lack of
fit and good discrimination. This table demonstrates that the V-
POSSUM (physiology only score) model gives a good fit and can
predict outcome after elective and emergency abdominal aortic
aneurysm repair. Note in the above model, Cochrane’s rule, which
states that we need at least 5 predicted events in at least 80% of
cases, has been applied. Therefore risk strata are slightly different.
Table 6. Mortality: Cambridge POSSUM model versus test set
% range
predicted
mortality
No Mean %
predicted
risk
Predicted Reported c2
>0 to 10.0 139 3.78 5 8 1.49
>10.0 to 25.0 38 14.57 6 3 1.36
>25.0 to 50.0 18 34.79 6 5 0.39
>50.0 to 67.0 7 64.65 5 6 1.36
>67.0 to 75.0 6 71.29 4 2 4.22
>75.0 to 90.0 10 81.61 8 8 0.02
>90.0 to 100 8 95.20 8 8 0.40
>0 to 100 226 18.42 42 40 9.24
c2¼ 9.24, 7 d.f., p¼ 0.236, c-index¼ 0.880. No evidence of lack of fit
and good discrimination.
This table demonstrates that the Cambridge POSSUM model gives
a good fit and can predict outcome after elective and emergency
abdominal aortic aneurysm repair.Eur J Vasc Endovasc Surg Vol 34, November 2007from pre-operative physiology alone and that models
that did not include operative data were satisfac-
tory.4,5 Therefore, P-POSSUM derived physiology
only models may be useful as a pre-operative risk as-
sessment tool in vascular patients and may aid the
vascular surgeon in selecting patients for surgery.
This study focused on patients who underwent
open elective and emergency AAA repair and pro-
spectively applied POSSUM, P-POSSUM and the
two V-POSSUM equations (Physiology and operative,
and physiology only) to them. All models except
V-POSSUM (physiology only) showed significant
lack of fit when predicting mortality after open AAA
surgery and in keeping with previous studies,13,14
over-estimated mortality.
It appears that POSSUM, P-POSSUM and
V-POSSUM (physiology only) are not robust methods
of predicting death in Cambridgeshire following elec-
tive or ruptured open AAA surgery. Although both
the P-POSSUM and V-POSSUM equations have been
previously shown to accurately predict mortality after
AAA surgery in Portsmouth,5 this is not borne out
when prospectively applying these models in another
geographical location. Portsmouth is generally associ-
ated with a high social deprivation index15,16 and in
comparison Cambridge serves a more affluent popu-
lation. Difference in case mix may explain why the
different predictor equations modelled differently. Al-
though P-POSSUM, POSSUM and V-POSSUM are
badly calibrated, they have similar and good discrim-
ination. Reasons why the different models may be
poorly calibrated include Cambridge may be perform-
ing better or perhaps things have just improved since
the original equations were developed. The models, of
course, may just be completely wrong or alternatively
the constituents of the POSSUM physiological and op-
erative scores are more complete in this cohort of pa-
tients due to prospective and tight data collection than
in the data that gave rise to the original equations.
The POSSUM system was designed to be used for
audit and flagging unexpected deaths e that is ones
where the scores (and hence the predicted risks)
were low e for further inspection/investigation. To
ensure this happens it scores missing data as normal.
An extreme example of this would be an emergency
AAA in the middle of the night on whom none of
the data is collected. This patient would then have a
physiological score of 12 and an operative score of 6
and would have the lowest possible predicted risk e
in spite of actually being possibly the highest possible
risk patient. When this death was audited of course
the reason would immediately be seen and the pro-
cess would be complete. However, when this is used
to generate a risk model mis-calibration will ensue.
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of incomplete data to generate POSSUM scores will
lead to, on average, reduced POSSUM scores. When
these are used to generate a risk model, the logistic re-
gression process will adjust for this by increasing the
risk associated with the given scores.
In studies where the data is much more complete
for a given comparable physiology and operation,
the scores generated will be larger, and hence the
predicted risks will be higher e possibly very con-
siderably so, and hence there will be mis-calibration
caused by over-prediction of deaths. This mis-
calibration, however, will have no detrimental effect
on the ability of the models to discriminate risk e
that is rank the cases in order of risk. Whilst it is
not proof, the fact that all these models are mis-
calibrated because they over-predict deaths and yet
have excellent discrimination, supports this explana-
tion at least in part.
This is another reason for using a system such as
VBHOM (Vascular Biochemistry and Haematology
Outcome Models), which adopts a different approach
of using a minimum dataset to model outcome and
has been previously shown to be feasible with index
arterial operations.17 VBHOM demands that the (sim-
ple) dataset it requires is complete and does not ac-
cept cases with missing data. All data items can be
obtained pre-operatively and are logistically feasible
to collect from hospital pathology and patient admin-
istration computer systems.17 They are collected rou-
tinely within the normal pathways of clinical care
and therefore their application can be universal and
data collection is not an additional burden to the staff
providing care. We have recently shown that VBHOM
can provide, like Cambridge POSSUM in this study,
a single unified model that allows good prediction
of surgical mortality after both open elective and rup-
tured AAA repair.18
The development and successful validation of our
own POSSUM model (Cambridge POSSUM) should
be validated in other geographical settings because
it is the only single POSSUM based model to date
that allows accurate prediction of outcome following
not only elective but also ruptured open AAA repair.
Although POSSUM is principally an audit tool, the
successful validation of the V-POSSUM physiology
only model equation for mortality outcome may allow
the vascular surgeon to predict complication rates in
an individual patient before surgery (as with
VBHOM). The fact that the physiology only version
of V-POSSUM was the only model to perform well
suggests that the physiology data collected is either
more complete or generally less susceptible to missing
data items.A previous paper19 has attempted to use POSSUM
to challenge the long heated debate of repairing AAA
in either a dedicated unit within a teaching hospital or
district general hospital.20 POSSUM, P-POSSUM and
V-POSSUM all suffer from the weakness which is,
by definition, they exclude patients who were either
not offered or refused surgery. This highlights the im-
portance of patient selection and may potentially limit
the value of the different predictor equations in com-
paring mortality rates between different hospitals.
However these models do allow for stratification of
risk and therefore it is possible to identify whether
a particular vascular unit is operating on large or
small proportion of high-risk patients.
Conclusions
Effective practice audit and continuous quality
assurance monitoring require prospective evaluation
of outcomes. Audit has become a vital element of a vas-
cular surgeon’s practice. This study, to our knowledge,
is the first to try and validate prospectively the differ-
ent POSSUM predictor equations. It has demonstrated
that POSSUM, V-POSSUM and P-POSSUM generally
may not be robust and valid tools for comparing mor-
tality between populations undergoing elective and
emergency open AAA repair as once thought.
This study shows that POSSUM data can be used to
predict outcomes, but is very susceptible to missing
data, the extent of which probably depends on the
data collection methods. Consequently, there must
be considerable concerns about the use of such
models in the comparison of different sites e probably
such models are best only used within the site they
were developed for.
To allow comparison between different geogra-
phical locations, sites should use systems such as
VBHOM which use only easy to collect data available
on all patients and which demand that all the data is
present for the case to be analysed.
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